Fifty-six mature Polypay ewes were used in two experiments to examine the effects of feeding a high-grain diet at a restricted intake on milk production and composition, lamb performance and out-of-season breeding. Ewes were fed either a highgrain diet (85% concentrate and 15% forage) or a high-forage diet. The high-forage diets were 68% forage and 32% concentrate in Experiment 1 and 80% forage and 20% concentrate in Experiment 2. Forage source was orchardgrass hay (Experiment 1 ) or alfalfa cubes (Experiment 2). Feed intake of the highgrain diet was restricted by 20% (compared with ewes fed high forage) so that intake of energy was similar for both dietary groups. Daily milk production was 19% higher ( P < .05) in Exp. 1 and 8% higher ( P < .10) in Exp. 2 for ewes fed high grain than for those fed high forage (2.71 vs 2.28 kg/d and 3.18 vs 2.95 kg/ d in Exp. 1 and 2, respectively). Milk protein percentage and daily amount of milk protein were higher ( P < .05) and the percentage of milk fat was lower ( P < .03) for ewes fed the high-grain diet than for those fed the high-forage diet. Diet did not affect milk fat production (grams/day) or lamb growth rate. In both experiments blood insulin concentration was higher for ewes fed the high-grain diet than for those fed the high-forage diet; however, no improvements in reproductive performance were observed. Limit feeding high-grain diets is an effective alternative to forage for lactating ewes.
Introduction
In early lactation, the ewe's nutrient requirements increase dramatically, particularly for ewes nursing twin or triplet lambs. The negative energy balance that arises when ewes are forced to use body reserves during lactation may adversely affect milk production, lamb growth, and subsequent rebreeding, especially in accelerated lambing programs.
Corn grain is frequently a less expensive source of energy than harvested forage. Restricted feeding of high-grain diets has been used in backgrounding systems for growing beef cattle (Loerch, 1990) . However, the efficacy of feeding high-grain diets to meet the energy needs of ewes during lactation and rebreeding has not been investigated. In addition to potential economic benefits, feeding grain-based diets to meet lactational energy requirements may enhance reproductive function. High-grain diets result in increased ruminal propionate (Luther and Trenkle, 1967) , and propionate is the major stimulant for insulin secretion in ruminants (Manns et al., 1967) . Blood insulin concentrations after parturition have been linked to ovarian function in dairy cattle (Butler and Canfield, 1989) . These authors hypothesized that plasma insulin concentrations need to rise in order to initiate the first ovulation after parturition.
The objectives of these experiments were to determine the effects of feeding a high-grain diet at a restricted intake on milk production and composition, lamb performance and rebreeding of mature ewes.
Experimental Procedures
In Exp. 1, 27 Polypay ewes (70 ± 3 kg) nursing twin lambs were allotted to six pens (four or five ewes per pen) on the 3rd day after parturition. In Exp. 2, 29 Polypay ewes also nursing twins were allotted to eight pens (three or four ewes per pen). Pens were filled according to lambing order such that ewes in each pen had similar parturition dates. Pens were then randomly assigned to treatment. Animal care was according to guidelines recommended by the Consortium (1988) . Ewe weights and body condition scores ( BCS) were recorded at the beginning and end of the experiment. Body condition scores were determined subjectively by palpation; the scale ranged from 1 to 5; 1 indicated a thin condition and 5 a fat condition. The durations of Exp. 1 and 2 were 48 and 40 d, respectively. Ewes were fed a high-forage diet or a restricted intake of a high-grain diet. The source of forage was orchardgrass hay and alfalfa cubes for Exp. 1 and 2, respectively. Orchardgrass hay and alfalfa cubes were 60.7 and 48% NDF and 11.4 and 18.5% CP, respectively. The high-grain diets contained 15% forage to minimize ruminal health problems. Adaptation of the ewes to the high-grain diets was accomplished by increasing gradually the amounts of grain during the first 4 d. Composition of the experimental diets is shown in Table 1 for Exp. 1 and in Table 2 for Exp. 2. Diets were offered twice daily at 0800 and 1600, and free access to fresh water was provided. The highforage diet was formulated to meet NRC (1985) requirements for lactating ewes. Ewes fed the highgrain diet had intake restrictions of 21.3 and 19.7% of DM in Exp. 1 and 2, respectively, compared with those fed the high-forage diet. The degree of intake restriction was such that total megacalories of ME intake per day were similar between ewes fed the high-forage diet and those fed the high-grain diet. Concentrations of CP, vitamins and minerals were increased in the high-grain diet to account for the restriction of DM intake; requirements of these nutrients for lactating ewes either met or exceeded NRC (1985) recommendations. Lambs had no access to creep feeding in Exp. 1. In Exp. 2, lambs had free access to a pelleted creep diet (corn, alfalfa meal, soybean meal-based). After the lambs were 1 wk old they were separated from their dams for 1 h after each feeding to prevent lambs from eating the ewes' feed.
Lambs were weighed at birth and on the day their dams were milked ( d 12, 24, 36, and 48 in Exp. 1 and d 10, 20, 30, and 40 in Exp. 2) . Milk production was determined as follows: lambs were separated from their dams at 1300, and the ewes were milked out completely by hand. Milk let-down was stimulated by injecting 10 USP units of oxytocin intravenously. At 1600, ewes were milked again using the procedure previously described, and lambs were returned to their dams. Milk collected at 1600 was weighed, and a subsample was saved for fat and protein determination by infrared analysis (DHI Cooperative, Powell, OH). Daily milk production was calculated as 3-h milk production multiplied by eight.
In Exp. 2, ewes were exposed to fertile rams 3 wk after parturition (end of April). At d 40 of lactation, lambs were weaned and the amount of feed offered to the ewes was decreased. Ewes remained with rams for three additional weeks after weaning; therefore, the total breeding period was 6 wk. Rams were fed separately and put with the ewes (one per pen) each afternoon (after ewes had finished eating) and were removed each morning before the 0800 feeding. After weaning, ewes were grouped according to their dietary treatment, with two to three rams in each pen. Jugular blood samples were collected via venipuncture from all ewes, on the last day of the experiments, immediately before the 0800 feeding and at 4.5 h (Exp. 1 ) or 3 h (Exp. 2 ) after feeding. In addition, in Exp. 2, blood samples were collected on d 1 and 20 of the experimental period. Blood was placed in ice immediately after sampling. Cells were separated by centrifuging for 10 min at 1,500 × g, and plasma was stored at −20°C until analyzed. Plasma samples were analyzed for glucose by colorimetric determination using a glucose oxidase procedure (Sigma Diagnostics, St. Louis, MO). Insulin concentrations were determined by radioimmunoassay (Diagnostic Products, Los Angeles, CA). Intra-and interassay CV were 5.04 and 8.68%, respectively. Nonesterified fatty acids (NEFA) were determined enzymatically using a commercially available kit (NEFA-C Waco Chemicals USA, Richmond, VA) with modifications described by Johnson and Peters (1993) .
Statistical analysis was performed using the GLM procedure of SAS (1991) for a completely randomized design. Pen was considered as the experimental unit. Prefeeding and postfeeding plasma measurements were analyzed as independent points in time. Plasma measurements in Exp. 2 on d 1, 20, and 40 were analyzed using the repeated measures procedure of SAS (1991) . The model contained effects due to treatment and repeated measures over time. Residual mean squares served as the error term.
Results and Discussion
Effects of restricted feeding of a high-grain diet on milk production and composition are shown in Table 3 .
In accordance with the experimental objective, DM intake by ewes fed the high-grain diets was approximately 20% less than for ewes fed the high-forage diets. High-grain diets were formulated to have a higher concentration of CP than forage diets to compensate for the decrease in DM intake. Intake of CP was similar for ewes fed high-grain and highforage diets (Exp. 1: 432 vs 428 g/d, respectively; Exp. 2: 498 vs 462 g/d, respectively).
Milk yield was 19% higher ( P < .05) in Exp. 1 and 8% higher ( P < .10) in Exp. 2 for ewes fed the grainbased diets than for those fed the forage-based diets. Improvements in milk production in response to feeding increased concentrates are well documented. Cowan et al. (1980) reported that milk production increased when ewes were fed a higher-energy diet. However, they used only 42.5% concentrate in their high-energy diet. In dairy cows, inclusion of high amounts of concentrate to the diet also improved milk production (Kesler and Spahr, 1964; Smith, 1976) . In the above studies, increasing the percentage of concentrate increased energy intake by the animal; thus it is not surprising that milk production increased. In the present experiment, milk production was increased when the high-concentrate diet was fed even though estimated energy intake between ewes fed the highconcentrate and high-forage diets was similar. Altered ruminal VFA production (McCartor et al., 1979) may have contributed to this response. Use of highconcentrate diets fed at restricted intakes to meet (but not exceed) energy requirements for lactating ewes has not been reported previously.
Ewes fed the high-grain diet had a very characteristic lactation curve for ewes (Gardner and Hogue, 1964) . Peak of lactation was observed approximately 3 wk after parturition, and milk production declined thereafter (data not shown). Conversely, ewes fed the high-forage diet did not show a peak at 3 wk, and milk production decreased steadily from the first measurement until weaning. The steady decline in milk production for forage-fed ewes may be an indication that they had insufficient energy intake. The energetic value of the forage diet in Exp. 2, based on tables published by the NRC (1985), may have been overestimated. Results of a digestibility trial (Susin et al., 1995) revealed that the observed ME content of the forage diet was below that predicted using NRC (1985) energy values. This may have resulted in a slightly higher energy intake for ewes fed the highgrain diet even though their DM intake was restricted in an attempt to achieve an energy intake similar to that of ewes fed the high-forage diet. In both Exp. 1 and 2, milk protein percentage was approximately 8% higher ( P < .05) for ewes fed the high-grain diets than for those fed the forage-based diets. Ewes fed the high-grain diets also produced a greater ( P < .05) amount of milk protein daily than those fed the forage-based diets. Milk protein concentrations observed in these experiments were within the range of 3.4 to 5.5% (average of 4.5%) reported by Reynolds and Brown (1991) . An increase in milk protein also has been reported for dairy cows when the ratio of forage to concentrate was 50:50 compared with 60:40 (Everson et al., 1976) , 1983) . The observed increase in milk protein may have been the result of increased availability of amino acids for the mammary gland. When high-grain diets are fed, ruminal propionate is increased, and propionate is an important gluconeogenic compound in ruminants (Bergman, 1973) . The increased propionate may spare amino acids from gluconeogenesis, thus allowing their use for milk protein synthesis.
Consumption of the high-grain diets in Exp. 1 and 2 resulted in 15 and 19% reductions ( P < .03) in the milk fat percentage, respectively, compared with consumption of the high-forage diets. A reduction of 19.4% in milk fat content also was observed with lactating goats when the forage to concentrate ratio changed from 75:25 to 45:55 (Kawas et al., 1991) . The decrease in milk fat percentage when the high-grain diets were fed was consistent with previous reports in dairy cows (Baldwin et al., 1983; Keys et al., 1983; MacLeod et al., 1983) . Two mechanisms are primarily involved in lowering milk fat when high-grain diets are fed. Acetate and 3-hydroxybutyrate, which originate from the ruminal fermentation, are the major sources of carbon for the "de novo" synthesis of milk fatty acids (Grummer, 1991) . Because highconcentrate diets favor a propionate fermentation instead of acetate, the mammary gland will have less substrate for milk fat synthesis. In addition, Palmquist and Conrad (1971) suggested that the transport of dietary fatty acids directly to the milk was decreased when high-grain diets were fed to dairy cows. The second contributing factor to reduced milk fat percentage involves insulin. Conditions that favor ruminal propionate production also promote an elevation in blood insulin concentration (Bines and Hart, 1984) . Normally, when this type of diet is fed, energy intake by the animal is high. These situations favor the diversion of energy to fat synthesis in adipose tissue rather than the mammary gland. Despite the lower fat percentage for ewes fed the high-grain diets, fat production (grams/day) was similar in ewes fed the high-grain diets and those fed the high-forage diets. Baldwin et al. (1983) reported a similar amount of total fat produced during lactation of cows fed a 65: 35 (concentrate:forage) compared with 20% of the concentrate replaced by ground alfalfa, although the percentage of milk fat was 15% lower for cows fed the high-grain diet. Table 4 shows the changes in body weight and body condition that occurred during lactation. Ewes fed the high-grain diet were able to maintain their body weight and body condition without major changes. However, ewes fed the forage diet in Exp. 1 had a higher ( P < .03) weight loss, and ewes in Exp. 2 tended ( P < .12) to lose more weight than those ewes fed the high-grain diets. Also, ewes fed forage lost more body condition ( P < .03) than those fed the highgrain diet in both experiments. Tessman et al. (1991) reported that dairy cows tended to have lower body condition scores as forage increased in the diet. Our response demonstrates that ewes receiving forage needed to draw body reserves in order to lactate, even though they were unable to achieve the same level of milk production as ewes fed grain. This provides further evidence that the energetic content of the forage diet may have been overestimated using tabular NRC (1985) values. According to the NRC (1985), lactating ewes nursing twins have an average weight loss of approximately 2.9 kg at the beginning of lactation. The forage-fed ewes in this study showed a similar response. Kawas et al. (1991) also reported a higher BW gain in lactating goats fed diets with lower forage:concentrate ratios. This was likely an energy intake response, because the goats fed the highconcentrate diet also had a higher DM intake than goats fed the high-forage diet. Table 5 shows the effects of energy source fed to the ewes on the performance of their lambs. In both experiments, the diets fed to the ewes did not affect ( P > .10) lamb performance despite the higher milk production for the grain-fed ewes vs the forage-fed ewes. This occurrence may be explained by the similar amount of milk fat produced by both groups of ewes. Walker (1979) stated that milk fat is the main energy source for preruminants. Table 3 reports that the total daily amount of fat secreted in milk was similar for ewes fed the high-grain and high-forage diets. Consequently, all lambs were receiving a similar amount of energy from milk fat. Despite the higher amount of milk protein for the concentrate-fed ewes, this was not sufficient to promote a higher daily gain for their lambs. Doney and Peart (1976) found that the proportion of dietary energy derived from milk in the diet of lambs declined from 88% at 5 wk to 34% at 10 wk of age, and intake of solid food increased proportionally on a weight basis. In Exp. 1, lamb ADG is very low compared with recommended gains (NRC, 1985) . This was primarily because lambs had no access to creep feed or the ewes' feed. In Exp. 2, when creep was provided, gains were approximately 100 g/d higher than in Exp. 1; however, source of dietary energy fed to the ewes did not affect ( P > .10) lamb growth or creep intake.
Effects of limit feeding a high-grain diet during lactation on plasma glucose and insulin concentration for Exp. 1 are shown in Table 6 . Immediately before the morning feeding on d 48 of lactation, ewes fed the restricted high-grain diet had higher ( P < .01) plasma glucose and insulin concentrations than those fed the high-forage diet. By 4.5 h after feeding, plasma glucose had risen in the forage-fed ewes, such that concentrations were similar in ewes fed high-forage and high-grain diets; however, insulin concentration was still higher for concentrate-fed ewes. Palmquist Table 7 . Effects of limit feeding a high-grain diet during lactation on plasma glucose, insulin and nonesterified fatty acids (NEFA) concentrations (Experiment 2)
a Postfeeding sampling was 3 h after feeding. b Alfalfa cubes-based diet. c 85% concentrate diet. d Diet effect over days at prefeeding was significant ( P < .02). e Diet effect over days at prefeeding was significant ( P < .07). f Diet effect over days was significant ( P < .01). and Conrad (1971) reported a 10% increase in plasma glucose concentration when high-grain diets were fed to dairy cows. Also, Dhiman et al. (1991) observed that as forage increased in the diet, blood glucose decreased and was lowest with an all-forage diet. In Exp. 2, prefeeding glucose and insulin concentrations were higher ( P < .09) on d 20 and 40 for grain-fed ewes (Table 7) . Glucose concentration 3 h after feeding was not affected ( P > .10) by ewe diet. Postfeeding plasma insulin concentrations were numerically higher for ewes fed the high-grain diet than for those fed the high-forage diet; however, this only approached significance ( P < .09) on d 20 of lactation. We interpret these data as indicating that metabolic differences did exist between ewes fed the high-grain diet and those fed the high-forage diet. Further, these differences occurred even though intake of the grain diet was restricted in an attempt to achieve similar ME intake among the two groups of ewes. Changes in metabolism associated with these diets may be responsible for changes in performance that were observed.
Plasma NEFA concentrations for Exp. 2 are shown in Table 7 . At the beginning of the experiment, no differences between treatment groups were observed. By d 20, the ewes fed the forage diet had a higher ( P < .01) NEFA concentration than did the grain-fed ewes. By d 40 of lactation, plasma NEFA concentrations decreased in both groups, but the forage-fed ewes still maintained a higher ( P < .04) level than the grain-fed ewes. This result would be expected because the forage-fed ewes tended to have a higher weight loss. High NEFA concentrations normally reflect fat mobilization from body reserves. In dairy cows, concentrations of plasma NEFA were higher at the beginning of the lactation and decreased as lactation advanced but did not change with different forage:grain ratios . Conversely, Palmquist and Conrad (1971) reported a reduced concentration of plasma free fatty acids when dairy cows were fed highgrain diets. In addition, plasma NEFA concentrations were positively related to average body fat losses in lactating goats (Dunshea et al., 1989) .
In Exp. 2, the grain fed ewes had a higher ( P < .08) percentage of ewes that conceived during the breeding period; however, conception rates were low, and differences between diets would be of little practical significance (data not shown). Out-of-season breeding likely contributed to the low conception rates observed (Pope et al., 1989) . The rebreeding data revealed that three grain-fed ewes became pregnant during the experiment, whereas no forage-fed ewes conceived. According to the date of lambing, one ewe conceived during lactation and two ewes conceived during the 3 wk after weaning. The higher BW loss trend observed for the forage-fed ewes may have had a detrimental effect on subsequent reproduction, but further research would be needed to confirm this.
Implications
Consumption of high-grain diets at a restricted intake improves lactation performance of ewes compared with consumption of a forage-based diet with equal energy intake. Reproductive traits were not affected. Feeding high-grain diets at a restricted intake may reduce feed costs because corn grain is frequently a less expensive source of energy than harvested forage. On the basis of the present data, feeding high-grain diets at a restricted intake to lactating ewes is an effective alternative to feeding forages.
